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Over the years, evidence has been accumulating [1, 2] that selenium is an essential nutrient in animals, preventing various serious deficiency diseases. On the other hand, no such firm proof for the need of selenium in human nutrition has been established, although several instances of beneficial effects as a result of selenium supplementation of human diet have been reported [3] [4] [5] . Although various hypotheses concerning the metabolic action of selenium have been proposed [2] , no proof of these postulates has been obtained. It has been suggested that selenium-containing compounds may act as potent antioxidants [6] or as free radical scavangers [7] in vivo. Certain organo-selenium compounds have also been found to possess antibacterial, antifungal, antiparasitic, hypnotic, analgesic, anesthetic, tranquilizing, anti-inflammatory, anti-histaminic, and, in a few cases, anti-cancer activity [8] . Since the discovery of the need for selenium in animal meta-In view of this interesting, yet hitherto only partially exploited potential of organo-selenium compounds, it is of interest to develop methods for the preparation of compounds containing the element. Comparatively little work has been done in the area of the synthesis of phosphoroselenoates [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . Thus, trivalent phosphorochloridates and chlorophosphines have been reacted with selenium at 140-200 °C to give the corresponding pentavalent selenophosphorochloridates [10] and chlorophosphine selinides [11, 12] , respectively. Similarly, alkyl and aryl dichlorophosphines have been converted at elevated temperatures to the corresponding alkylselenophosphinic acid chlorides [13] [14] [15] [16] . In the latter case, however, a Lewis acid catalyst, aluminium chloride, was used. The reaction of tetraalkyldiamidophosphorus acid chlorides with selenium at 120-130 °C gave the corresponding acid chlorides of phosphorus amidoseleno acids [17] . In analogy, the reaction of trialkyl [17] [18] [19] , triaryl [17] [18] [19] , and cyclic [20, 21] phosphites with selenium at elevated temperatures gave the corresponding selenophosphates in very poor yields. The reaction of selenium with ester amides of phenyl thiophosphonous acid [22] and dialkylphosphorodialkylamides [23] , as performed in the absence of solvent, was exothermic.
We became interested [24] in the synthesis of selenophosphorus compounds in connection with a search for new potential antitumor agents containing the nitroxyl radical and aziridinyl moieties. It then became evident that all of the above methods, because of the severity of reaction conditions are inapplicable in those cases where phosphorus is linked to such heat and/or acid-sensitive groups as the nitroxyl [25] and aziridinyl [26] moieties. Thus, the attempted reaction of tris(l-aziridinyl) phosphine (1) with selenium in the absence of a solvent afforded the pentavalent selenophosphoramide 2 [24] in very poor yield and low
purity (see experimental section). A large amount of insoluble matter remained, thereby verifying the sensitivity of aziridinyl compounds. A similar sensitivity was noted on the part of phosphorus compounds containing the stable l-oxyl-2,2,6,6-tetramethyl-4-piperidinyl radical. Thus, the reaction of tris(l-oxyl-2,2,6,6-tetramethyl-4-piperidyl) phosphite (3) [25] with selenium in boiling xylenes for Recently [24] , we reported the synthesis of various selenophosphorus compounds in high yields containing the nitroxyl and aziridinyl moieties via the reaction of the corresponding trivalent compound with black selenium at room temperature in benzene. Thus, seleno-TEPA (2), the selenium analog of the clinically used antineoplastic agents
TEPA and thio-TEPA [24] , was prepared in 83% yield via the trivalent compound 1. Similarly, the mono-and diaziridinyl phosphine selenides 5 and 6, respectively, were obtained in 88-93% yield. The
spin-labeled selenophosphate 4, phosphine selenide 7, and selenophosphonate 8 were prepared analogously in 75-93% yield.
Now we wish to report an extension of this method to the preparation of other spin-labeled and non-spin-labeled selenophosphorus compounds in high yield (Table) . As in the case of the nitroxyl and aziridinyl compounds [24] , at no time could any side reactions involving the substituents of phosphorus be detected. Thus the selenophosphorus triamides 9
-CH2CH2 / the diradical phenyl selenophosphonate 11, the monoradical and /3-sitosteryl diphenyl selenophosphinates 12 (R 3 = R, /?-sitosteryl), and the diradical selenophosphoroamidates 13
were prepared in 79-99% yield by the reaction of black selenium with the corresponding trivalent 
carefully controlled stoichiometry (see experimental section), no trace of a monoradical diamidate could be detected, and, instead, only the diradical compound 18 was isolated.
In conclusion it may be added that whereas the reactions of phosphorus compounds with selenium as described in literature, require either rather severe and/or impractical reaction conditions, such as, elevated temperatures and absence of solvent, we have been able to prepare various types of organoselenophosphorus compounds in high yield under mild reaction conditions, i.e., at room temperature in benzene in twenty hours.
Experimental
Materials: All reagents were of the best quality commercially available. The benzene used in the Supplementary data to reactions was distilled from and stored over sodium. Selenium metal (black) was pulverized in a mortar before use. The tri piperidine phosphine (14, RiR* = [29] and trimorpholine phosphine (14, R'R* = [30] were prepared by way of the reaction of phosphorus trichloride (PCI3) with the appropriate amine in benzene in the presence of triethylamine. The diradical phenyl phosphonite 16 [31] and triradical phosphite 3 [25] were prepared by known methods. 
Reaction of tris(l-aziridinyl)
phosphine (1) with selenium in the absence of solvent Tris(l-aziridinyl) phosphine [32] (1; 0.78 g, 0.005 mol) was stirred with selenium (1.0 g, 0.01 mol) for 20 h. Benzene (50 ml) was added, and the reaction mixture was filtered. Considerable insoluble material remained. The filtrate was concentrated on a rotating evaporator at 20-23 °C / 10-15 torr. The remaining oil was passed through a column of AI2O3, with chloroform as the eluent, to give crude 2 (0.24 g, 20%, m.p. 57-65 °C; lit. [24] m.p. 68-70 °C).
Reaction of tris(l-oxyl-2,2,6,6-tetramethyl-4-piperidyl) phosphite (3) [25] with selenium in boiling xylenes
A mixture of 3 [25] (0.54 g, 0.001 mol) and selenium (1.0 g, 0.01 mol) in xylenes (35 ml, b.p. 135-137 °C) was stirred under reflux for 1 h. Benzene (30 ml) was added, and the mixture was filtered. The filtrate was concentrated on a rotating evaporator at 30-35 °C/10-15 torr to give an oil, which was passed through a column of alumina, with chloroform as the eluent. There was obtained 0.21 g of a red oil, which could not be induced to crystallize. No tris(l-oxyl-2,2,6,6-tetramethyl-4-piperidyl) selenophosphate (4) [23] was isolated.
Preparation of phenyl N,N'-dimorpholinyl phosphine
115 RiR* --CH2CH2\0\ -CH2CH2/ / A solution of phenyl dichlorophosphine (C6H5PCI2) (1.79 g, 0.01 mol) in benzene (30 ml) was added dropwise at 8-10 °C to a solution of morpholine (1.74g, 0.02mol) and triethylamine (2.10g, 0.02mol) in benzene (50 ml). Following the addition, the reaction mixture was stirred at 20-23 °C for 20 h, then filtered. The filtrate was concentrated on a rotating evaporator at 20-25 °C/10-15 torr to a solid. The solid was purified by column chromatography on Al203, with chloroform as the eluent to give 15, RiR* = IC^CHL) 0 (2.66 g, 95%), m.p. 106-108 °C.
Analysis for C14H21N2O2P
Calcd C59.99 H7.55 N9.99 mol.wt.280.31, Found C59.94 H7.69 N9.69 mol.wt. 270.
Preparation of phenyl N,N'-dipiperidinyl phosphine
A solution of phenyl dichlorophosphine (C6H5PCI2) (1.79 g, 0.01 mol) in benzene (20 ml) was added dropwise at 8-10 °C to a solution of piperidine (1.70g, 0.02mol) and triethylamine (2.10g, 0.02mol) in benzene (30 ml) . Following the addition, the reaction mixture was stirred at 20-23 °C for 20 h, then filtered. The filtrate was concentrated on a rotating evaporator at 20-25 °C/10-15 torr to an oil. The oil was purified by column chromatography on AI2O3, with chloroform as the eluent to give 
Preparation of (l-oxyl-2,2,6,6-tetramethyl-4-piperidyl) diphenyl phosphinite (11, R 3 = R)
To a solution of 4-hydroxy-2,2,6,6-tetramethylpiperidine-1 -oxyl [25, 33] 
Preparation of bis(l-oxyl-2,2,6,6-tetramethyl-4-piperidyl) N-morpholinyl phosphonite
A solution of morpholine (0.87 g, 0.01 mol) and triethylamine (1.05 g, 0.01 mol) in benzene (30 ml) was added dropwise at 8-10 °C to a solution of phosphorus trichloride (PC13) (0.68 g, 0.005 mol) in benzene (20 ml) . Following the addition, the reaction mixture was stirred for 60 min, then treated with 4-hydroxy-2,2,6,6-tetramethyl-piperidine-loxyl [25, 33] (0.83 g, 72%, based on the nitroxyl, the limiting reagent), a red oil. EPR: 5 lines, aN 8.3 G (spectrum not fully resolved [28] A solution of piperidine (0.85 g, 0.01 mol) and triethylamine (1.05 g, 0.01 mol) in benzene (50 ml) was added dropwise at 8-10 °C to a solution of phosphorus trichloride (PCI3) (0.68 g, 0.005 mol) in benzene (20 ml) . Following the addition, the reaction mixture was stirred for 60 min, then treated with 4-hydroxy-2,2,6,6-tetramethyl-piperidine-loxyl [25, 33] (0.75 g, 66%, based on the nitroxyl, the limiting reagent), a red oil. EPR: 5 lines, aN 8.4 G (spectrum not fully resolved [28] ).
Analysis for C23H44N3O4P
Calcd C60.37 H9.69 N9.18 mol.wt.457.60, Found C 60.57 H9.51 N9.09 mol. wt. 469.
Preparation of ß-sitosteryl diphenyl selenophosphinate (12, RS = ß-sitosteryl)
A mixture of /?-sitosteryl diphenyl phosphinite (16, R 3 = /9-sitosteryl; 1.80 g, 0.003 mol) and selenium metal (0.20 g, 0.025 mol) in benzene (30 ml) was stirred at 20-23 °C for 20 h. Diethyl ether (20 ml) was added, and the mixture was filtered. The filtrate was concentrated on a rotating evaporator at 20-23 °C/10-15 torr to a solid. The solid was washed with a minimal amount of pentane to give 12, R 3 = /S-sitosteryl (1.79 g, 99%) 
Reaction of trivalent phosphorus compounds with selenium
General Procedure: A mixture of the trivalent phosphorus compound (0.002 mol) and selenium (1.0 g, 0.01 mol) in benzene (30 ml) was stirred at 20-23 °C for 20 h. Diethyl ether (30 ml) was added and the mixture was filtered. The filtrate was concentrated on a rotating evaporator at 20-23 °C/ 12-15 torr. The crude concentrate was purified by chromatography on AI2O3 to give the compounds shown in the Table. 
